the Manchester Royal Infirmary, but worked mainly at Withington and Crumpsall. His tal ents were quickly recognized by his Medical Tutor, Dr Hillyard Holmes, Warden of the Students' Hostel, who recommended him to Professor Robert Platt (later Sir then Lord and P.R.C.P.), holder of the first full-time Chair of Medicine in the University, and whose main interest was in renal disease and physiology. He was a senior registrar at the Infirmary between 1946-1949 and was then offered the post of lecturer with Platt in the Department of Medicine, a position he held until 1952. He then gained his M.D. by thesis and his first major scientific paper was on the action of the parathyroid hormone (1951) . His interests in renal medicine were strongly influenced by Platt, and his only problem in working for him was that Platt was addicted to his cello and music, while Milne was deaf to that particular muse, although in his opinion not quite deaf enough! Douglas Black, then his contemporary, describes a typical exchange: Platt: 'Milne, don't you like any music?' Milne: 'Yes, I have enjoyed parts of Gilbert and Sullivan'.
His career now took a different turn, for his promise had not escaped the notice of Professor John McMichael (later Sir and F.R.S.), Director of Medicine at the Royal Postgraduate Medical School, who was busy attracting the brightest and best in British medi cine to the only truly, totally academic and research-led medical school in Britain. There he stayed from 1952 to 1961, and it was an ideal environment for him. In 1953 he became a Fellow of the Royal College of Physicians, and while never very interested in the administ ration or politics of medicine, he did serve the College as Censor and Vice-President. In 1981 his scientific merits were recognized by the College with the award of the Baly Medal. He was not a great traveller, unlike many medical academics, but in 1956 he worked with Silway and Reiman in Boston, and subsequently was a visiting lecturer in New Zealand, Australia and North Africa, as well as reporting to the College on medical education in Jordan. Later recognition of his scientific work came by his election as F.R.S. in 1978.
Westminster Medical School
In 1961 came the last major change in his professional life when he was appointed to the first Chair of Medicine at the Westminster Medical School. Academic medical progress in Britain was still sluggish, and for example, in 1956 only half of the London Medical Schools had a Chair of Medicine and in other major disciplines there were even fewer. This reluc tance for change was emphasized by the fact that the need for change had been recognized by the Haldane Commission in 1913 in Britain, and Flexner in the U.S.A. in 1916, so Milne entered an institution which had finally decided to take the plunge, and he had the task of building up a research ethos in a potentially unreceptive atmosphere. Fortunately there were strong allies on the staff, and he created a renal medicine research unit where terminally ill renal patients were retrieved by haemodialysis as a major clinical initiative. But he did much more than that, since his clinical activities were of the highest order and his knowledge of general medicine was encyclopaedic, and could be applied for the benefit of patients. He had risen to the top of his profession in the most exciting of environments at the Royal Postgraduate Medical School and it is said that no-one would wish to miss one of his clinical or scientific demonstrations since they were so clearly and trenchantly presented. An appear ance of cherubic pugnacity was accompanied by pithy comments delivered in a flat Mancunian accent. Woe betide those whose evidence was thought to be weak since his criti cisms could be devastating. This all made him both respected and feared. There was another side to his character, however, and the chuckle which emerged when he saw the ridiculous or incongruous was often in evidence to his friends. It is, therefore, not surprising that his advent at the Westminster Medical School was awaited with apprehension and interest. His achievement in building up a first class Department of Medicine whose influence permeated the whole School and Hospital is a tribute to his overall talents. Since he set himself the highest of standards in all he did, he not only expected the same from his colleagues and stu dents, but inspired them to follow his example. S c ie n t ific c a r e e r
In now turning to consider his scientific contribution, it is essential to examine the back ground prevailing in the area of biochemistry as applied to medicine at the time. His abiding interests were in renal electrolyte balance, the effect of urinary pH on the excretion of natural substances and drugs, and amino acid and peptide metabolism especially in genetic diseases. In his formative years, the ability to measure electrolytes in body fluids was only just being revolutionized by the introduction of flame photometry. McCance and Widdowson who played a major role in creating the science of electrolyte metabolic balances, initiated their studies, especially their nutritional work, during the 1939-45 war, without this benefit. In the other area of his interest, the introduction by Martin and Synge of paper chromatography enabled both amino acids and peptides to be identified reasonably simply, and had been exploited clinically by Charles Dent F.R.S. at University College Medical School. The tech niques needed were, therefore, available for Milne to apply his own ideas.
Renal electrolyte excretion
His first major contribution was with Douglas Black when they were both working for Robert Platt. Black had previously worked with, and survived as an experimental subject, McCance and Widdowson, who were both known for their self-sacrificing experimental zeal. As Black commented in his Goulstonian Lectures (1953) the control of sodium excretion by the kidney was still uncertain, and that of potassium even less so. Therefore, the joint study of potassium excretion (Black & Milne 1952 ) was important and fully in the McCance and Widdowson tradition. They showed that on a very low potassium intake, systemic alkalosis occurred and suggested that intra-cellular acidosis was most likely. At that time there was much controversy about the relation between potassium deficiency and symptoms in patients, and this study helped to point to the importance of metabolic acidosis and alkalosis in their genesis. Milne's particular interest in renal electrolyte balance was stimulated by the patients he saw with renal disease who had excessive urinary potassium loss. There was great attention paid to this association in pyelonephritis with presumed pathological change in the distal renal tubule, where potassium reabsorption was known to occur. Subsequently, described their findings in a patient with severe potassium deficiency, mus cular weakness and high blood pressure. At the time, potassium deficiency was believed to cause renal histological and functional effects and these questions were addressed later (Milne et al. 1957a) . However, during the years from 1950 onwards, physiological discovery elsewhere was proceeding apace. Deming & Luetscher (1950) had described the marked sodium retaining properties of urine derived from some oedematous patients when tested on the kidney. This activity was given the name electrocortin, and J.F. Tait, F.R.S., and colleagues (Simpson et al. 1952) found it in adrenal vein blood and adrenal cortical extracts and described its biological effects. This was soon followed by their identification of electrocortin as aldosterone. Further work with Swiss colleagues in 1954 characterized its structure and showed that it caused sodium retention and increased renal excretion of potassium (Simpson et a l , 1954) . Incidentally, this magnificent work relied initially on nov chromatographic techniques in the hands of Bush. Unfortunately for Milne, Conn (1955) in the U.S.A. recognized that some patients with potassium depletion of renal origin might have an adrenal abnormality, and went on to describe the first 'aldosteronoma' and its surgical removal with relief of the potassium loss (now widely known as Conn's syndrome). This led Milne to review his patients and to the discovery of his first patient with a similar tumour (Milne et al. \951b) . His last major contribution in the area of renal electrolyte excretion was in showing that potassium and hydrogen compete for sodium exchange in the distal tubule (Evans et a l 1954) . Subsequently, he reviewed important aspects of renal electrolyte patho physiology (Milne 1955-56) . Thereafter, this field was in the hands of those who punctured and perfused isolated segments of the renal tubules since there was so much to discover about exchange mechanisms and the precise tubular site at which they operated.
Renal non-ionic tubular diffusion
His most original work on the kidney was his study of the excretion of organic substances. His contribution over 20 years had a very great influence on thought in this field. His initial observations on the excretion of salicylate (MacPherson et al. 1955) followed up a sugges tion by Berliner (1954) about the importance of urinary pH, and he showed that the concen tration of free salicylate increased in alkaline urine compared with that of ionized salicylate. The explanation was found in his suggestion that the tubular cell membrane had selective permeability to non-ionized salicylate and that as the ratio of the ionized to non-ionized form increased in alkaline urine, more non-ionized salicylate diffused from the blood to the renal tubule and thence to the urine to maintain the stability of the ratio. His demonstration that the excretion was not dependent on the pH of the blood but on that of urine was fundamental, and enabled him to introduce the therapeutic advance of alkaline osmotic diuresis in the treatment of salicylate poisoning. The use of a non-reabsorbed diuretic load like mannitol increased urine flow and the elimination of more salicylate. As salicylate is still a commonly encountered overdose problem this remains an important medical advance. This principle of 'non-ionic tubular diffusion' was extended to other weak acids and bases including several important drugs. Pethidine and amphetamine are still perhaps the most important (Asatoor et al. 1963 (Asatoor et al. , 1965 .
The interest of Professor John McMichael in the treatment of high blood pressure at Hammersmith Hospital led to studies on the then current drugs, pempidine, mecamylamine and guanethidine, and two of his associates went on to achieve considerable reputations in this field, namely Kincaid Smith and Dollery (Harington et al. 1958; Dollery et al. 1960; Edwards et al. 1961) .
There were also studies of substances with physiological or pathological interest, uro bilinogen and porphyrins, which distinguished the varying effects of plasma and urinary pH on their excretion (Bourke et al. 1965 (Bourke et al. , 1966 . He then expanded his views on non-ionic dif fusion to take account of the cell membrane structure and its lipid and water content, and, therefore, the potentially different routes which substances with different lipid/H20 partition coefficients might follow. This work was inferential and largely based on the study of the excretion of NH3 and the analogues of NH+ in the rat. He suggested that polar groups such as OH and COOH lead to high water solubility, and the non-polar groups such as CH3 and NH2 lead to high organic solvent or lipid solubility. Molecules with high oil/H20 partition coef ficients were postulated to penetrate cell membranes through the lipid fractions. Weak acids and bases when non-ionized in a pH-dependent fashion pass the cell membrane more readily in this way. He contrasted the behaviour of NH3 and small molecular weight hydrazines with that of higher molecular weight alkylamines such as propylamine. It was also shown that the NH+ion was the most important in the elimination of non-volatile acids and so in metabolic acidosis the production of NH+in the tubular cells increased as did the urinary excretion of n h + 4
The results of these studies were collected in papers which together established and main tained his outstanding reputation in this field. Bourke et al. 1972) .
In view of his background in renal electrolyte excretion, with his last major contribution showing that K and H compete for Na exchange in the distal tubule (Counihan et al. 1954) , it is not surprising that he took a keen interest in the mode of action of the newer diuretics which were brought into medical practice (Counihan et al. 1954) and because he wrote with lucidity he was the author of numerous chapters and reviews on wider aspects of renal func tion and disorders. (Milne 1965; 1971) .
Amino acid metabolism and genetic disease
At the same time he was starting to extend his work to the excretion of amino acids and peptides. This was an area in which Charles Dent, F.R.S., had shown that more autosomal recessive diseases, with unusual names such as Hartnup and Maple Syrup disease, yielded valuable information when qualitative and quantitative studies of the urinary excretion of amino acids and peptides were carried out using principally paper chromatography. Milne more than anyone else brought together the relation between the renal excretion of amino acids and peptides and their absorption by the gut, and like Dent utilized the defects revealed in the same rare inherited metabolic disorders. His work extended and put into a clearer pic ture some previous observations. Dent & Schilling (1949) had shown that after a protein meal only amino acids and not peptides were detected in the portal vein blood. Crane & Neuberger (1960) showed by using isotopically labelled proteins that there was little difference in the rate of amino acid absorp tion whether fed as protein or as an enzymatic hydrolysate. However, Newey & Smith (1960) and Craft et al. (1968) had shown that glycyl-glycine was absorbed intact in rat and man respectively. In the genetically determined disorders, the studies by Milne and his col leagues led to questions which could not be answered by assuming a purely renal fault. First in normal subjects it was shown that there was in fact slower absorption of amino acids from some peptides, than as free amino acids, e.g. tryptophan from glycyl tryptophan and phenyl alanine from phenylalanylphenylalanine. (Asatoor et al. 1970<z) . The concept that oligopep tides were absorbed and hydrolysed in passage through the gut wall which had been put forward in the rat by Newey & Smyth (1960) was extended in man (Asatoor 1970Z?) . This became important subsequently when added to concepts about excess aminoaciduria based | on the renal studies of Dent and colleagues. Dent (1950) had classified abnormal aminoaciduria in terms of: (i) overflow due to excessive production and plasma levels; or (ii) renal absorption defects as shown in genetic disorders. Harris (1957) also suggested that genetic disease might show both abnormalities. In Milne's Bradshaw Lecture (1964) he con sidered that intestinal absorption of amino acids could be divided into four groups:
1. Monoamino and monocarboxylic, e.g. alanine, this includes most essential amino acids. 2. Dibasic, e.g. lysine, arginine and cystine. 3. Dicarboxylic acids, e.g. glutamic and aspartic. 4. Imino + glycine, e.g. proline, hydroxyproline. Dent & Rose (1951) in studies of Hartnup disease (named after the first individual in the study) discovered the renal abnormality and extended their observations to show defective renal reabsorption of Group 1 amino acids (Baron et 1956) . However, Milne and his col leagues (1960 a,b) showed that there was an intestinal transport defect involving Group 1 acids, especially tryptophan, and further described the importance of colonic bacteria in con verting the unabsorbed tryptophan to indoles, which were then absorbed and excreted in the urine as excess indole acetic acid. Coincidentally his findings on the importance of urinary pH on the excretion of weak acids were essential for proper quantitation in balance studies. As tryptophan is essential for the endogenous formation of nicotinic acid the presence of pellagra in Hartnup disease first noted by Dent & Rose (1951) , was better understood. The small stature of the patients is clearly related to the associated poor absorption of seven or eight essential amino acids. By careful use of oligopeptides such as camosine (alanylhistidine), glycyltryptophan and phenylalanylphenylalanine, it was shown that while histidine itself was not absorbed, it appeared normally in the plasma when camosine was ingested, and there were similar find ings for tryptophan and phenylalanine. This strongly supported the concept of peptide absorp tion and mucosal digestion with defective amino acid transport. (Asatoor et al. 1970a, b) .
The next most illuminating genetic disorder to be studied was cystinuria, which was first described by W.H. Wollaston F.R.S. in 1810, who recognized that the renal stones which characterized the disorder were unusual and contained what he described as cystic oxide. Dent & Rose (1951) pointed to the renal fault which they found was defective renal tubular absorption of dibasic amino acids, cystine, lysine, arginine and ornithine (Group 2); and the studies of Milne and colleagues Asatoor et al. 1974) showed that there was the same defective absorption in the gut, and as there was no clinical evidence of lysine deficiency they could infer lysine oligopeptide absorption and subsequently proved it . Feeding whole protein gave normal plasma levels of the relevant amino acids, but of course the renal stone formation was due to the excretion of large amounts of cystine which precipitated at the lower pH of urine (pH 5) as it was concentrated. The occur rence of excess amines and bases in the urine was also explained. Lysine, ornithine and argi nine, because of their poor absorption, were converted by colonic bacteria into putrescine and cadaverine, which were absorbed and further metabolized internally by diamine oxidase to piperidine and pyrrolidine, which appeared in the urine in excess. Milne gently pointed out that even Garrod had not been able to offer a correct explanation.
There were other studies such as in Wilson's disease (Asatoor et al. 1976) where excess copper damages various organs, but the results were less definitive because of the variable renal defect in this type of acquired Fanconi's Syndrome (an acquired proximal renal tubular defect where excess amino acids are excreted).
His studies were gathered together in reviews which clarified the problems in these disor ders and which have, of course, set the scene for the molecular biochemical geneticists inter ested in amino acid and peptide transport with receptors and other mechanisms in gut and kidney (Milne 1967; 1971a, b, c) .
Farewell lecture
A fitting end to this record is provided by the final lecture (unpublished) he gave at the Westminster Medical School on his retirement. His subject was John Snow, and its content confirms my belief, that despite the advances he brought to gut and renal physiology and pathology, he would have graced epidemiology. He directed his statistical bent to a re analysis of the considerable data provided by John Snow (1849 Snow ( , 1857 in his examination of the influence of the origin of the water supply on the incidence of cholera in Vauxhall and Southwark. Despite the fact that Snow was primarily an anaesthetist and among the first to use ether and chloroform, most would associate his name with the famous episode of the Broad Street Pump, which in Richardson's words, gave him the main role as 'the pump handle was removed, the epidemic was stayed'. The facts that Snow established were that the clients of the Southwark and Vauxhall Water Company had three to four times the number of cases of cholera compared with the population supplied by the Lambeth Company. The former company drew its water unfiltered from the Thames at Battersea, while the latter was supplied at Thames Ditton above Teddington Lock, the point of separation of purer water from London water. It obviously appealed to Milne that Snow used a simple precipitation test with silver nitrate solution to confirm the excess chloride in London water. There was also an appeal to his clinical medical sense in the story of Susannah Ely, who in 1854 sought to escape the Broad Street cholera epidemic by taking refuge in the heights of Hampstead. Unfortunately she took her own supplies of London water with her and both she and her daughter perished. Milne showed clearly that the power of the trial that Snow had carried out, and the calculations that followed, established beyond doubt that London water was the source of the cholera. At the time Snow could not convince the bulk of the medical profes sion, as always slow to accept the new, and M ilne's lecture stands as a delayed compliment by one Westminster man (1961) to another (1838 graduate).
It also reflects delightful modesty since this was his farewell lecture which he chose to devote to a fellow clinical scientist and which allows me to let it stand as his own tribute.
